Background-While numerous studies support the efficacy of methadone and buprenorphine for the stabilization and maintenance of opioid dependence, clinically significant opioid withdrawal symptoms occur upon tapering and cessation of dosage.
Introduction
Currently, the most effective treatment for the growing prescription opioid epidemic [1] is opioid replacement therapy (ORT). Each approved medication for ORT has unique characteristics that determine its suitability for an individual patient [2] . Methadone, a synthetic opiate agonist is demonstrably effective in reducing withdrawal symptoms and lowering the rate of IV drug use [3, 4] . Buprenorphine derived from Thebaine, is a semisynthetic opioid, a naturally occurring alkaloid of the opium poppy, Papaver somniferum. Buprenorphine has unique receptor binding characteristics at the mu and kappa opiate receptors that provide partial agonist effects and opioid blockade. Medication assisted therapy with Methadone and buprenorphine provide significant cost benefit and cost efficiencies, especially when compared to the costs of medical, social and legal consequences of untreated addiction [5, 6] . The desire to find a substance, that has agonistic activity and also blocks opiate-type receptors (mu, delta, etc.), provided the impetus for the development of a combination mu receptor agonist and narcotic antagonist [7] . The history of the use of buprenorphine/naloxone combination Suboxone ® has been adequately reviewed elsewhere [8] [9] [10] [11] [12] [13] and pertinent information documenting the increase in its use can be obtained from the Federal Center for Substance Abuse Treatment (CSAT) Locator List [10] . Approval of buprenorphine containing medications for the treatment of opioid dependence has doubled since it was first introduced in the US, in 2003. It has been well received in England [14] and Europe as an expansion of treatment options.
Pharmacokinetics of Mixed Agonist/Antagonists of Opiate Receptors
Buprenorphine is morphine-like but is 25 to 50 times more potent [15, 16] . It is noteworthy that buprenorphine has very low oral bioavailability because it undergoes extensive firstpass metabolism. However, its bioavailability is substantial enough that sublingual (SL) administration makes this a feasible treatment for opioid dependence. The mean time to peak plasma concentration following SL administration varies and can range from 40 minutes to 3.5 hours. Buprenorphine is highly protein bound (96%) and has a large volume of distribution. It is metabolized extensively to norbuprenorphine by N-dealkylation, primarily through cytochrome P450 (CYP) 3A4. The half-life of buprenorphine is long, and there is considerable variation in reported values of terminal elimination, with mean values ranging from 3 to 44 hours. Most of a dose of buprenorphine is eliminated in the feces, with approximately 10-30% excreted in urine.
Buprenorphine has an extremely high affinity and slow dissociation from opioid receptors, providing simultaneous opioid blockade and agonist effects. The duration of action of buprenorphine is longer than these pharmacokinetic parameters, resulting in suppression of opioid withdrawal symptoms for 2 to 3 days after cessation of use.
Naloxone is added to buprenorphine for the treatment of opiate dependence and to prevent intravenous diversion [11] . However, the efficacy of buprenorphine is not affected by the combination because the half-life for buprenorphine is much longer than for naloxone (up to 32 vs. 1 hour for naloxone) and naloxone is poorly absorbed sublingually relative to buprenorphine. Plasma levels of naloxone are lower and decline much more rapidly than those for buprenorphine [17] [18] [19] . The pharmacokinetics of buprenorphine does not appear to be influenced by the presence of naloxone [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . However, the presence of naloxone does appear to reduce the degree of appeal and reward, supporting the recommendation for combination products over mono products for longer term prescribing for high risk individuals [13] .
Toxicity from methadone and the risks of a drug overdose and death is much higher than for buprenorphine. Methadone has complex metabolism that is quite variable secondary to genetic polymorphisms and multiple metabolic pathways. Phase 1 metabolism of nearly 80% of pharmaceutical drugs in use today is the province of enzymes that are synthesized by the cytochrome P450 (CYP) family. Gene duplications and gene polymorphisms CYP2D6, CYP2C19 and CYP2C9 are most frequently responsible for variations in drug metabolism. Approximately 5% of Europeans, 1% of Asians, 5-14% of Caucasians and 5% of Africans lack CYP2D6 activity. These individuals are known as poor metabolizers [24, 25] . Although methadone and buprenorphine are metabolized by the 3A4 system, methadone metabolism also involves 2D6 and 2B6, resulting in a significant risk for clinically significant drug interactions with methadone compared to buprenorphine. Enzyme inhibitors and inducers of the 3A4 system can change levels of methadone and buprenorphine, however, the partial agonist effects of buprenorphine appear to protect against overdose mortality. 3A4 inducers such as carbamazepine and barbiturates result in clinically significant lowering of methadone drug levels, resulting in the emergence of withdrawal symptoms and raising of methadone doses for symptom stabilization. Notably, Seifert [27] found better clinical outcomes and more effective short-term relief of affective disturbances resulted from combining buprenorphine and carbamazepine than from combining carbamazepine with methadone when detoxifying multi-drug opiate addicts. An explanation of this interesting effect may be that while buprenorphine has similar effects on enzyme induction as methadone the reported difference could be due to buprenorphine's high affinity and slow dissociation receptor binding characteristics. 
Potential Anti-reward Properties of Long Term Opioid Replacement

Therapy (ORT)
Blum et al. [13] have adequately reviewed the potential anti-reward mechanisms associated with the buprenorphine/naloxone combination; here once again we turn our attention to the potential anti-reward properties of long term ORT.
Opioid withdrawal symptoms resolve with the reinstitution of agonist medications and thereby an effective reduction in relapse that occurs early in the treatment process. Cravings associated with withdrawal symptoms resolve with stabilization of the opioid system, as evidenced by much higher rates of relapse or inability to complete opioid detoxification when non-cross tolerant medications, such as Clonidine, are used. However, long term, relapse rarely results from the appearance of withdrawal symptoms, but is secondary to cravings that arise from cue reactivity, persistent anhedonia and reduced stress responsiveness.
Given that naloxone, blocks the effects of all opiates, it has for many recovering addicts facilitated the transformation to a drug-free state and it also reduced the detoxification period. Theoretically, the use of naloxone or naltrexone alone at therapeutic doses also blocks the release of DA in the reward site of the brain [13, 28, 29] . While, clinically many patients on naltrexone alone may still experience pleasure and may not always experience anhedonia, this suggests a highly complex mechanism.
Experiments [30] have shown that mu-receptor binding of agonist like morphine or potentially heroin, are significantly reduced with buprenorphine. Although the outcome for short-term therapy is beneficial, in the long term, administration of buprenorphine will result in an attenuation of mu receptor occupancy of the natural opioid enkephalin and will eventually, like naloxone, result in reduced release of DA at the accumbens brain region [31] [32] [33] [34] . This, in turn, may lead to generalized drug seeking behavior. Moreover, several cases of acute hepatitis and fatal overdose have been reported with buprenorphine [35] [36] [37] [38] [39] [40] [41] .
An important question to answer is "What effect does the long-term administration of buprenorphine/naloxone have, on dopaminergic reward pathways?" It has been assumed that opiate receptors, mostly on mu receptors, are the sole site of morphine activity. Several studies have demonstrated that dopaminergic agonists and antagonists and opiate mu agonists at exceptionally high concentrations are incapable of binding to each other's receptors. Other neurotransmitters are also unable to bind to opiate receptors they include; acetylcholine, norepinephrine, serotonin, gamma-hydroxybutyrate, or histamine. Other neurotransmitter antagonists like alpha-and beta-adrenoceptor-blocking agents have limited impact on opiate-induced responses. DA antagonists have been found to markedly potentiate many of the central effects of morphine and other opioids, in contrast, direct and indirect DA agonists have reversed the central effects of opioids. Even more importantly in low to moderate doses, DA antagonists that selectively and appreciably inhibit DA release can also mimic many of these effects [30] . In fact, in the neostriatum the biosynthesis of opioid peptides is most dependent on the dopaminergic transmission while, variations in the amplitude of the of mu opioid receptor density and preprodynorphin and preproenkephalin messenger RNA levels, indicate that the regulation, of pallidal and neostriatal mu opioid receptors is more susceptible to a direct opioid antagonism. Haloperidol was found to cause down-regulation of mu opioid receptors that resulted in adaptive changes that increase enkephalin release and biosynthesis [31] .
In order to understand the role of opioidergic mechanisms on reward activity we hereby evoke the following information involving the interaction of mu opiate receptor and GABA and most importantly dopaminergic function. In essence then, increased enkephalin with an accompanied reduction of availability of mu-receptors prevents enkephalin attenuation of the GABA-mediated effects on pallidal neuronal activity of dopaminergic denervation and leads to a hypodopaminergic function in the long-term [32] . Simply, reduced mu receptors and as such a reduced enkephalin stimulation of mu receptor inhibition onto GABA receptors at the substania nigra, will lead to a reduced neuronal release of dopamine at the nucleus accumbens. It seems parsimonious then, to consider the potential of combining buprenorphine with a natural D2 agonist which bypasses the GABA inhibition step. A recent study has eloquently shown that if the gene that codes for the 3 subunit of the GABA(A) receptor is removed, DA release, enhanced reward learning and even decision -making, is increased, in electrically stimulated neurons, in the nucleus accumbens of 3-knock out (KO) mice. Specifically DA neurons in midbrain slices from 3-KO mice exhibited attenuated GABA-evoked inhibitory postsynaptic currents (IPSCs). As measured by fastscan cyclic voltammetry, more DA release into the nucleus accumbens of 3-KO mice was elicited by electrical stimulation of the excitatory afferents to DA neurons. When 3-KO mice were given morphine, most likely resulting in a compensatory upregulation of GABAergic tone onto DA neurons 3-KO mice were more active than controls, in two foodreinforced learning paradigms, they learned faster, and their learned behavior was extinguished normally. Additionally, aversive learning was unchanged in 3-KO while, enhanced learning was specific for appetitive tasks. Finally, Parker et al. [42] found in performance of a probabilistic selection task that required mice to choose between and a large uncertain reward and a small certain reward, 3-KO mice had an enhanced risk preference. These findings collectively identify a selective role in appetitive learning and decision-making for GABA (A) signaling in DA neurons. The clinical relevance, in terms of long term therapy with buprenorphine/naloxone combination, involves the development of a hypodopaminergic state even independent of genetic predisposition, like carrying DRD2 A1 allele with resultant 30-40% reduction in D2 receptor density. This leads to unwanted mood swings and enhanced drug craving and seeking. Moreover, based on an analysis that covered the whole gene locus from the DRD2 promoter to the ANKK1 rs1800497C>T polymorphism DRD2 genetic polymorphisms help to identify those at risk for opiate addiction and to modulate the dosage requirements necessary for methadone or buprenorphine substitution therapy [43] .
Brief Description of KB220Z
KB220Z is a formulation that consists of enkephalinase-catecholamine-methyl-transferase (COMT)/monoamine -oxidase (MOA) inhibition therapy and amino-acid neurotransmitter precursors that work, in synchrony, to support brain reward function (Table 1 ). This is the first neuroadaptive formulation known to activate the brain reward circuitry and is called Neuroadaptagen Amino Acid Therapy ™ (NAAT) [44] . Numerous clinical effects that benefit victims of "Reward Deficiency Syndrome" (RDS) are repeatedly confirmed in ongoing research. RDS is a term that describes hypodopaminergic function in the mesolimbic system of the brain. Hypodopaminergic function, can be the trigger for compensatory addictive, compulsive and impulsive behaviors that can elicit extreme DA release that in turn results in DRD2 down -regulation [45] . Gentle activation of brain reward circuitry using NAAT (KB200Z) that has the potential to up -regulate DAD2 receptor density has been demonstrated using qEGG in the United States [46] and in early, unpublished findings in China using fMRI. Victims of Substance Use Disorder (SUD) using a resting state fMRI 2X2 placebo design [44] KB220Z demonstrated both regulation of heroin-induced abnormal connectivity in the putamen, (a site for emotionality) and caudate DA activation. Based on these and 25 earlier clinical trials [44] we decided to evaluate the potential of using KB220Z as a safe natural modality to facilitate recovery from long -term Buprenorphine and Naloxone combination ( Table 1) . 
Withdrawal Related to Sublingual Administration of Suboxone ®
It is well-known that withdrawal from intravenous use of buprenorphine/naloxone combination results in severe and difficult withdrawal symptoms [47] . However, less is known about withdrawal related to sublingual administration of Suboxone ® . In fact, patients on a dosage of 1-2 mg of buprenorphine experience great difficulty in weaning off of the drug (personal communication by the present authors TM, JF, JB, LB, JG, JAB and CR). Despite clinical evidence from national American Society of Addiction Medicine (ASAM) meetings and other continuing medical education (CME) events, a recent PUBMED search did not reveal any studies describing withdrawal from either long or short term Suboxone ® .
Method
This paper presents a description of withdrawal symptoms occurring in a highly addicted patient weaned off long-term buprenorphine/naloxone combination therapy (Suboxone ® ) and provides clinical support for the use of a natural dopaminergic agonist KB220Z as a putative maintenance adjunct. The genotyping was performed at the Institute of Behavioral Genetics, Colorado University, Boulder, Colorado under the supervision of Dr. Andrew Smolen, using well-known standard genotyping techniques [46] . We genotyped the patient using a 9 reward gene polymorphic (18 allele) panel including: DRD 2,3,4; MOA-A; COMT; DAT1; 5HTTLLR; OPRM1; and GABRA3.
Case Description
Krissie is a 35 year old adopted female residing in California and a former Legal Librarian has signed a consent form allowing her records to be reviewed for this case presentation. In 2002 she began to take prescription opioids for Carpel Tunnel Syndrome (CTS). CTS is a median entrapment neuropathy, that causes paresthesia, pain, numbness, and other symptoms in the distribution of the median nerve due to its compression at the wrist in the carpal tunnel. It is thought that compression of the median nerve traveling through the carpal tunnel causes the pathology. It is caused by a combination of genetic and environmental factors. Some of the known predisposing factors include: diabetes, obesity, pregnancy, hypothyroidism, and heavy manual work or work with vibrating tools but not lighter work even if repetitive.
In (Figure 1a) , when due to the severity of the withdrawal symptoms the patient decided not to take the NAAT. The severity of withdrawal became clinically relevant when she dropped from 2 mg and below. The withdrawal symptoms continued quite severely for at least one week following complete drug termination.
We are proposing that a gradual withdrawal over a longer time frame and continued utilization of KB220Z (NAAT) would potentially facilitate an easier withdrawal from Suboxone ® (Figures 1a and 1b ). Based on previous clinical experience (JF) no greater than 5-10% reduction every few weeks should result in only minimal withdrawal symptoms. However if withdrawal symptoms do return the dose of Suboxone ® is held until symptoms resolve and only then does taper resume.
The withdrawal symptoms as self -described by the patient were severe ( Table 4 ). The patient did not take NAAT again until May 6 th 2011 after the withdrawal symptoms had subsided. On May 11 th 2011 the patient was discharged from the residential treatment center and continued taking NAAT four tablets per day.
As of June 8 th 2011 (41 days since withdrawal on April 28 th ) in a structured one hour clinical interview the patient reported the following using a ten point scale: overall well being was at a 8 (10 being the highest positive well-being score); motivation for job seeking was at a 10; walking and exercise was at 8; happiness in marriage was at a 9; sexual desire 10; sexual experience 10; poor sleep at around 1; cravings for any psychoactive drug was zero; pain but tolerable at about 6.5 level and stress level was at a 3 level. On August 14 th (108 days post dose cessation on April 28 th 2011) we followed up with another structured interview with the patient who provided rating using a ten point scale: overall -well being 8.5; Motivation 9; Exercise 9; relationships 9.5; sleep 2; sexual desire 10; sexual satisfaction 10; craving 0; pain 6 and stress 2.5.
On October 28 th 2011 (after 183 days) we followed up with another structured interview with the patient who provided rating using a ten -point scale: Overall-well-being 9; Motivation 9; Exercise 9; relationships 9.5; sleep 1.5; sexual desire 10; sexual satisfaction 10; craving 0; pain 5.5; stress 3.0 ( Figure 2) . The same results were obtained on 12/13/11 (after 228 days) and as such were not included in figure 2 . Krissie has also reported a remarkable reduction in glucose cravings with an associated loss of 35 pounds, achieving her healthy weight reduction goal, following withdrawal from Suboxone ® with KB200Z ™ maintainence.
Currently we are addressing the sleep issues and the pain tolerance condition and the patient will continue to be monitored. The patient was admitted to a sleep clinic in Los Angeles on 10/20/11 where they discovered abnormal EEG sleep patterns. Krissie reached stage 2 REM sleep after a 3 hour period and did not reach delta sleep in the test period from 8:00 pm to 6:00 am.
On July 14 th 2011 the patients was urine tested negative for all opioids, psychostimulants, depressants, marijuana and alcohol. This was confirmed by Redwood Toxicology Laboratory (RTL), Santa Rosa, California. According to Mark J. Demeo, MD in accordance with all RTL standard operating procedures, opiates were not detected in the specimen. On December 13 th a urine test was performed and reported on December 21 st 2011 by Wayne Ross. The patient was negative for the following: alcohol, barbiturates, oxycodone/ noroxcodone, phencyclidine (PCP), buprenorphine, cocaine (benzoylecgonline), THC and amphetamines. However the patient was positive for prescribed cough medication. It is our clinical opinion that since the cough medicine was prescribed by her physician without realizing her past history of prescription opioid addiction and she admitted it to us prior to testing we do not believe that this constitutes relapse. As of February 25 th 2012 the patient no longer uses the cough medicine and is completely off benzodiazepines. On June 15 th the patient was once again urine tested and was opiate free. One arguable theoretical retort is that since fentanyl was not specifically urine tested the patient could be continuing her opioid utilization by covertly obtaining fentanyl through street diversion. However, the patient absolutely reports being completely drug free including fentanyl.
Genotyping Results Guide Treatment
Our subject was genotyped for nine well characterized reward candidate genes ( Table 5 ) and for females 18 alleles. The results revealed a polymorphism 4 R/4R (homozygous) which relates to a high MOA-A activity which could lead to a more rapid degradation of Dopamine (DA) in the mitochondria once the released DA is sequestered back into the pre-synaptic neuron. Genotyping also revealed polymorphisms in the dopamine transporter gene (DAT1) whereby she carried homozygote 9R/9R which suggests that her transporter system is highly active and as such sequesters higher amounts of DA (higher uptake) to re-enter the presynaptic neuron as well. Consistent with these findings the subject also carries the heterozygous A/G (Val) polymorphism which will result in a higher activity of COMT and as such the DA in the synapse will be broken down at a faster rate. Taken together these results strongly suggest a "hypodopaminergic state". Along with this proposed "hypodopaminergic state" (or genetic trait) the subject also is heterogeneous for polymorphism in the GABA receptor beta subunit (183) which could result in reduced GABA sensitivity leading to anxiousness or stress. Genotyping of the DA receptors (D2, 3, 4) were found to be normal in terms of receptor densities as well as the Mu opiate receptor. In addition, she possesses the homozygote serotonin transporter L/L maybe protective against alcohol seeking behavior.
Understanding this important genotyping information provides impetus to development of a protocol that converts her low dopaminergic state to a higher dopaminergic state. An increase in synaptic DA can be facilitated by the ingredients in KB220Z. Rhodiola rosea is known to block MOA and COMT activity and both phenylalanine and tyrosine impede the high activity of the molecules involved in DAT gate (leading a reduced DAT activity). Further it is conjectured that enhanced quanta of DA could offset the anxiety due to GABA polymorphisms that result in reduced DA and as such increased norepinephrine activity (stress molecule). This mechanism may help us explain the 432 opioid free days which maybe attributable to the neurochemical effects of KB220Z.
In terms of presentation Krissie (patient) has provided clearance and consent to show her likeness pre and post treatment and precipitous withdrawal from Suboxone ® . The prelikeness is upon first entry to Malibu Recovery Treatment Center whereas the post -likeness is the most recent image taken 432 days on NAAT [KB220Z] (Figure 3 ).
Discussion
These preliminary findings provide the first ever evidence for the clinical utilization of a natural dopaminergic activator to wean patients from long-term buprenorphine/naloxone combination therapy in chemical dependency treatment facilities and programs. It is quite possible that after a severe withdrawal reaction due to such a rapid tapering the short term resolve of these symptoms had nothing to do with KB220Z. However, the long -term benefits reported herein may be due to the known activation of dopaminergic pathways by KB220Z [48] . It is suggested that the overall successful symptom resolution may be due to strengthening of dopaminergic activity augmenting relapse prevention.
In this case, Krissie suffered extreme chronic pain severe chronic pain due to both severe Fibromyalgia and Reflex Sympathetic Dystrophy following Carpel Tunnel surgery. The patient had been on buprenorphine/naloxone for over two and one-half-years. At the time of admission to the Malibu Recovery Center, the patient was on 20 mg of the combination therapy. Prior to detoxification (weaning) the patient took KB220Z for a three month period. Rapid reduction of the buprenorphine/naloxone combination began on March 28 th 2011 and ended April 28 th , 2011. While the withdrawal process was difficult the patient is currently taking only KB220Z and Lyrica. While the pain continues it is bearable with KB220Z due to its ability to activate dopaminergic pathways. Dopamine tone is involved in the inhibition of inflammation and chronic pain [49] . Tonic pain inhibition is regulated by activated mesolimbic dopamine neurons that project into the nucleus accumbens from the cell bodies of the ventral tegmental area [50] . When this pain-suppression system is activated by acute stress endogenous opioids and substance P are released. However, a reduction of nucleus accumbens dopamine output and development of persistent hyperalgesia are produces by prolonged exposure to unavoidable stress. Krissie self-reported that she experienced chronic long-term stress which certainly affected her overall pain [51] . It is noteworthy that KB220Z variant, in double-blind placebo controlled studies using skin conductance to objectively measure stress, significantly reduced the stress response in poly-drug abusers [52] . It must be stated that of cause the reduction of suffering from pain may -in-part be also due to the removal of hyper-analgesia due to withdrawal from opioids. Clinicians have observed that patients overall degree of pain stay in the 4-6 range, but the pain is more tolerable, and the patient is more functional.
D-phenylalanine (D-Pha) a component of KB200Z acts as an analgesic due to its known enkephalinase inhibition properties [53] . Moreover, Litvinova et al. [54] found in morphinesensitive (s.c. 1.5 mg/kg) Wistar rats (60%) I. P. inoculation of 300-600 mg/kg D-Pha did not change the tail-flick test nociception, but did evoke a dose-dependent analgesic effect in morphine-resistant rats (40%). In morphine-sensitive rats (40%) chronic morphine administration induced the tolerance and D-Pha injection evoked an analgesic effect. Morphine injection just after D-Pha over-evoked an analgesic effect in morphine-resistant and morphine-tolerant rats. It is suggested that morphine tolerant rats have acquired and morphine-resistant rats have a congenital high level of enkephalinase activity which blocked the morphine analgesic action.
In addition there is clear evidence that KB220Z significantly influences drug-induced withdrawal symptoms [55] , building up to relapse [56] , leaving against medical advice (AMA rates) [57] drug hunger [58] , regulation of dysregulated widespread delta waves in psychostimulant abusers [46] as well as alcohol and opiate addicts [59] and an enhanced happiness [60] . The patient utilized KB220Z for approximately six weeks prior to withdrawal and maintained its use up to April 28 th when the patient experienced severe withdrawal from coming off of the 2 mg dose of Suboxone ® . It is reasonable to consider that since the patient did not experience significant mini withdrawal symptoms from the rapid tapering to the 2 mg dose, normally observed clinically in most patients (i.e. mood swings, low energy, poor sleep, GI upset etc) the utilization of KB220Z could have attenuated the mini withdrawal symptoms. This observation is the subject of a larger proposed study. Unfortunately due to the terrible gastrointestinal upset the patient could not tolerate KB220Z. This resulted in a very unpleasant detoxification which lasted for at least 6 days post Suboxone ® . In retrospect we are proposing a smoother detoxification that should include a much longer period for titration of the Suboxone ® . Moreover in a needed larger study we will evaluate the use of KB220IV during the actual withdrawal period. Additionally we conjecture that oral KB220Z [61] in combination with acupuncture [62] should significantly reduce the withdrawal severity ( Figure 2 ). While numerous studies support the efficacy of opiate agonist treatment with either methadone or buprenorphine the question of severe withdrawal from these opiate agonistic drugs cannot be ignored in clinical practice [63] [64] [65] [66] [67] [68] . Moreover, neuroimaging studies of buprenorphine/naloxone combinations do not support an effect on cingulate-gyrus activation. The cingulate-gyrus is thought to be the loci of relapse prevention [69] .
It is noteworthy that Krissie continues to successfully attain well-being and enhanced quality of life utilizing oral KB220Z (432 days after detoxification from Suboxone ® ). However, the cause of the prolonged sleep disturbance remains a mystery and is an impediment to complete recovery.
Based on this case study we cautiously suggest that our laboratory may have discovered a new side effect free and cost effective (> $100 per month) modality to assist in the attenuation of patients from the buprenorphine/naloxone combination therapy following detoxification and drug use cessation programs.
Patients with SUD and those like Krissie who have become addicted to legal prescription anti-pain medication [70] are increasingly placed on the buprenorphine/naloxone combination. As of 2008 the total patient population using buprenorphine was 649,550 based on the federal Center for Substance Abuse Treatment [CSAT] [10] . If an intervention that consisted of neuro-therapy to reduce pain and the use of neuroadpatgen-amino-acidtherapy (NAAT), to enhance "dopamine sensitivity", could attenuate pain at (10-60%) the savings may be counted in billions. Such a program could consist, for example, of KB220Z; cranial stimulation, electrotherapy for pain control and biofeedback.
Certainly, clinicians are beginning to understand long term effects of Suboxone ® and potential induction of a flat affect [71] and as such are reducing the amount of Suboxone ® they prescribe even in chronic pain clinics (personal communication Gary Reisfield) . We are cognizant that many large required clinical studies are mandatory before the above scenario becomes evident but it is at least a plausible outcome for the future.
It is noteworthy that one contributor to buprenorphine withdrawal syndrome are the high dosages used for Suboxone ® /Subutex ORT. Given that buprenorphine is about 40 times more potent than morphine, each 2 mg capsule or film is the equivalent of 80 mg Morphine sulfate. In fact sublingual (SL) buprenorphine is often referred to as "high dose buprenorphine". So even if you stop buprenorphine at 1/2 the smallest dosage form, that is still like stopping Kadian (oral morphine) 20 mg two-times a day (BID) abruptly without a wean, though with buprenorphine' long half-life it may be less intense but last longer similar to methadone withdrawal. We must underscore the clinical fact that even patients coming off of ¼ mg of Suboxone ® have severe withdrawal. One of us (JF) believes that is not the rate of taper but the rate of reactivation of reward deficit.
Recently, the 7 day Butrans ® patch became available, and is FDA approved for pain. The highest dosage it comes in is 20 mcg/hour; this is less than 1/2 mg per day. One strategy that could be used is to wean SL buprenorphine to 1 mg/day, then change over to the Butrans patch weaning from 20 to 15 to 10 mcg/h, though it would take some time ( Figure 1b ) and insurance does not typically cover it. So there may not be anything special about Buprenorphine withdrawal as compared to other opioids other than the incredibly high dosages of Suboxone ® . The smallest pill/film available contains 2 mg SL buprenorphine, although it is the smallest dosage, it is actually a very high opioid dosage.
Krissie was actually detoxifying from a high dose of 20 mg of Suboxone ® that she was taking for many months prior to her rapid tapering. It has been clinically documented that patients undergoing rapid tapering morphs the chance of neuroadaptations and reactivation of the reward process. This leads to persistence in sleep disturbance, low energy and altered mood. While these symptoms could be relieved by opioid replacement we are interested in other alternative therapies, especially those that could naturally activate caudate-accumbens dopaminergic pathways.
Looking to the future of pain regulation it may be parsimonious to include genetic testing prior to prescribing powerful analgesic opioid pharmaceuticals. That the principal ascending pathways for pain originate in the spinal cord at the dorsal horn and in the medulla is well known, however, the neurological control and sensitivity to pain may reside in the reward center of the brain, the mesolimbic system. There a number of genes and their polymorphisms associate with a predisposition to tolerance or intolerance to pain. Unique therapeutic target to assist in the treatment of pain may result from the identification of certain gene polymorphisms. It is hereby further proposed [50] that pharmacogenetic testing of certain candidate genes (i.e., cytochrome P450 (CYP) family, mu receptors, PENK etc.) will result in pharmacogenomic solutions personalized to the individual patient, with potential for improvement in clinical outcomes and reduction of iatrogenic induced drug addiction.
Relapse prevention is supported by KB200Z
Unlike buprenorphine/naloxone combination [69] which does not activate the cingulate gyrus (a site for drugs abuse relapse) KB220Z activates the cingulate gyrus and induces regulation of aberrant electrical dysregulation (widespread theta) in the cingulated gyrus as measured by qEEG analysis [48, 59] . These results support our earlier reports [44] , that KB220Z/KK220IV are natural dopaminergic agonists and have potential as therapeutic agents for weaning, relapse prevention [56] , and to provide benefit in opioid dependence -Suboxone ® treatment programs as an adjunct to therapy in the short term [72] and merit further intensive investigation.
It is noteworthy, that most patients don't relapse after a few years because of cue reactivity originating in PFC-cingulate gyrus and possibly disruption of executive functioning [73] instead it is usually due to stress, re-exposure to narcotics, lowering of the dose of non-drug recovery equivalents and complacency.
Recently, Diana [74] pointed out that imaging studies visualized reduced dopamine receptor density accompanied by decreased release of endogenous dopamine in the ventral striatum of alcohol, cocaine and heroin dependent subjects, proof of dopamine deficiency in drug dependant subjects. This new objective study supports the concept of reward deficiency syndrome [45] and its treatment with dopamine agonist therapy to reduce cravings and prevent relapse and drug seeking behavior. It is noteworthy, that when Doehring et al. [43] analyzed the whole DRD2 gene locus they found that DRD2 genetic polymorphisms regulate both opiate addiction risk and ORT dosage requirements. Relevant to this article Seifert et al. [27] found that compared to carbamazepine and methadone, patients on the buprenorphine and carbamazepine combination demonstrated significantly better psychological state with reduced, sensitiveness, tiredness and depression by week two of detoxification. Once again this work adequately supports the short term use of buprenorphine.
This case study requires follow-up with a much larger population using controlled blinded conditions in order to make any definitive statements. Our laboratory is actively pursuing a much larger sample size and in fact unpublished we are finding similar benefits when KB220Z is combined with Suboxone ® in outpatient heroin addicts. However important information has been gleaned from this pilot.
Limitations of the Study
Since this study involves only one patient we cannot provide any definitive conclusions at this juncture. We are encouraged that KB220Z positively enhances the quality of life factors while reducing negative factors such as cravings and stress following 432 days post Suboxone ® withdrawal. According to the patient despite the problem with sleep, KB220Z-"saved her life".
Obviously the main limitation of the results herein is that it is a single case study. Certainly, in spite of these interesting documented findings, we are cognizant that potentially without KB220Z some if not all of these benefits may have occurred through natural recovery process and larger controlled studies are required. Additionally one could easily argue that without intensive and repeated urine testing the patient could be utilizing opioids through diversionary tactics.
Conclusion
To our knowledge this is the first peer reviewed report describing severe withdrawal reactions ( Table 4 ) following long -term (2.5 yrs) use on Suboxone ® therapy. Secondly, it is the first report providing some evidence for the use of KB220Z as an appropriate nonaddicting substitution therapy for opioid dependence. The daily use of KB220Z, a natural dopamine agonist neuroadaptagen showing dopaminergic activation properties as measured by qEEG and fMRI, provides an alternative substitution adjunctive modality influencing brain reward circuitry [44, 46, 59, [75] [76] [77] [78] [79] [80] [81] [82] [83] . We encourage additional double-blind randomized -placebo controlled studies to test the proposition that KB220Z may act as a putative natural opioid substitution maintenance adjunct. 
Figure 1a:
Precipitous withdrawal from Suboxone® (20 mg to zero) within 6 months using KB220Z (NAAT). KB220Z was terminated when patient reached zero Suboxone® leading to severe withdrawal symptoms. Figure 1b : Theoretical gradual withdrawal curve from Suboxone® (20 mg to zero) over 12 months using Kb220Z (NAAT). We propose that this less precipitous or more gradual withdrawal along with continued use of KB220z (NAAT) will be most beneficial. Table 3 Monthly medications (Suboxone ® ) and workers compensation cost. Table 4 Withdrawal symptoms from long Suboxone ® therapy. 
